Workers in the meat industry are exposed to viruses that cause leukemia and lymphoma in cattle and chickens, and also to carcinogenic chemical agents. This case-control study, nested in a cohort of members of a meatcutters' union in Baltimore, Maryland, investigated whether occupational exposures are associated with death from tumors of the hemopoietic and lymphatic systems. Cases of these tumors represent all deaths which occurred in the cohort between 1949 and 1980. Excess risks of tumors of the hemopoietic and lymphatic systems were observed throughout the meat industry, except in meatpacking plants. Slaughtering activities involving heavy exposure to oncogenic viruses were strongly associated with these tumors, especially with lymphomas. Thus, elevated risks were observed for butchers who killed animals (odds ratio (OR) = 5.3, 95% confidence interval (CI) 1.0-27.0); workers in chicken-slaughtering plants (OR = 3.3, 95% CI 0.8-13.1); and workers in cattle/sheep/pig abattoirs (OR = 2.8,95% CI 0.8-9.5). Among supermarket workers, wrapping meat (mainly a female activity) was associated with increased risk of tumors of the hemopoietic and lymphatic systems (OR = 3.8, 95% C11.0-14.3), with the odds of both lymphomas and tumors of the myeloid stem cell being elevated. On the other hand, meatcutting in supermarkets (almost exclusively a male activity) was associated with multiple myeloma; the odds ratio for men was 18.0 (95% C11.6-207.5), with no myeloma cases being recorded in women. These associations persisted after limited control for exposures outside the industry that have also been observed to be associated with excess risk, such as exposure to pesticides, working/living on pig farms, and exposure to X-rays. The findings provide evidence that workers in the meat industry may be at elevated risk of tumors of the hemopoietic and lymphatic systems. Further studies with larger sample sizes are needed to identify more conclusively which exposures play an etiologic role in the occurrence of the different histologic types of these tumors. Am J Epidemiol
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abattoirs; leukemia; leukemia virus, bovine; lymphoma; meat; meat-packing industry; multiple myeloma; occupational exposure Cohort studies have reported excess risks of tumors of the hemopoietic and lymphatic systems among workers in the meat industry (1) (2) (3) (4) (5) (6) (7) . Butchers and abattoir workers, who are involved in slaughtering activities, have been found to be at increased risk of Hodgkin's disease and leukemia (1, 5, 7) . Retroviruses such as bovine leukemia virus, a C-type virus closely related to human T-lymphotrophic retroviruses, and the avian leukosis and sarcoma viruses and reticuloendotheliosis viruses are known to cause leukosis in cattle, chickens, and turkeys (8, 9) . Workers in abattoirs and meatpacking plants probably have the highest known human exposures to these zoonotic oncogenic viruses in terms of opportunity and intimacy of contact with the animals, their internal organs, tissues, and body fluids, and meat products (5, 10, 11) . The presence of antibodies to avian leukosis/sarcoma viruses and reticuloendotheliosis viruses has recently been demonstrated in the sera of poultry workers and members of the general population (12, 13) .
While epidemiologic and virologic findings raise concern about the etiologic role of zoonotic viruses in the development of cancers of the hemopoietic and lymphatic systems among workers in the meat industry, this occupational group is also exposed to certain chemicals known to induce cancer in animals and humans. Results from our initial cohort study, conducted in the meat industry in Baltimore, Maryland, suggested that exposure to fumes emitted from thermal decomposition of plastic during wrapping of meat may also play a role in the occurrence of these tumors among workers (2) . These fumes contain benzene, which is well known to be hematotoxic in humans, as well as polycyclic aromatic hydrocarbons and phthalates known to be carcinogenic in animals (14) (15) (16) . Meat workers are also exposed to polycyclic aromatic hydrocarbons emitted from smokehouses (17) (18) (19) and to nitrosamines (20) and antioxidants during the curing and processing of meat, respectively (21) .
The present study is a case-control study nested in a cohort of 28,901 local members of a meatcutters' union in Baltimore who were initially followed up between 1949 and 1980 by Johnson et al. (1, 2) . This study was designed to explore the etiologic role of occupational viral and chemical agents in the occurrence of excess cancers of the hemopoietic and lymphatic systems, which was observed in the initial cohort study (1,2) among workers in the industry's four job categories: cattle/pig/sheep abattoirs, chickenslaughtering plants, meatpacking plants (beef and pork), and supermarket meat departments. Since actual measurement of exposure to these agents was not conducted, working in a specific department (job category), performing specific tasks, or having a specific job title was used as a surrogate for exposure to these agents. In the cohort study, it was only possible to provide risk estimates for each of the four job categories, and information on confounding factors was not available. This nested case-control study provided an opportunity for classifying exposure in greater detail, not only by job category but also by specific tasks and job titles. Furthermore, it was possible to control for occupational as well as nonoccupational confounding factors in the analyses.
MATERIALS AND METHODS
A total of 56 subjects in the cohort had a death certificate diagnosis of tumor of the hemopoietic or lymphatic system (International Classification of Diseases, Eighth Revision (ICD-8) (22) , codes 200-209) between 1949 and 1980. The next-of-kin of 49 of these persons (88 percent) were identified and successfully interviewed over the telephone, using a structured questionnaire. In addition, interviews were conducted with the next-of-kin of three persons who died of multiple myeloma and of one person who died of myeloid leukemia after the cohort study ended in 1980, because their death certificates were available to us. Thus, next-of-kin provided detailed information on a total of 53 deceased workers with tumors of the hemopoietic and lymphatic systems, which comprised the case series in this study.
Two sets of controls were selected from deceased cohort members who did not have tumors of the hemopoietic and lymphatic systems at the end of the cohort study period. The first control group consisted of 53 members matched 1: 1 to a corresponding case by race, sex, year of birth (within 4 years), and age at death. The response rate for the next-of-kin of these controls was 63 percent (23 percent could not be traced and 13 percent refused to participate). To increase the power of the study, an additional 53 subjects who were originally selected as controls for a nested case-control study of lung cancer within the same cohort (23) were used in the present study. These lung cancer controls were also matched to cases by year of birth (within 10 years) and age at death (within 4 years), but matching on sex and race was not feasible for this group. The next-of-kin or close friends of these controls were similarly interviewed. Hence, the second control group consisted of the combined controls from those two studies, for a total of 106 control subjects, matched 2:1 to cases.
Deceased controls were used to ensure comparability of information obtained from the two groups. The next-of-kin provided detailed lifetime information on occupational exposures within and outside of the meat industry and on nonoccupational factors. Demographic data and information on lifestyle, diet, medical conditions, use of medications, and leisure activity was also collected. The various types of surrogates were equally distributed between cases and controls.
Apart from the telephone interviews with next-ofkin, additional data from the employment records of the meatcutters' union were used to validate information on selected occupational exposures obtained from surrogate data. Similarly, medical charts were used to validate the diagnoses of tumor of the hemopoietic/ lymphatic systems listed on the death certificates.
For assessment of exposure within the meat industry, a number of different indices were used-for example, having ever worked in the meat industry, having ever worked in any of the four job categories, having ever been a butcher, having ever been a meatcutter, having ever worked in the killing/dressing department of an abattoir, having ever had contact with unwrapped raw meat, having ever wrapped meat, etc. Fortuitously, the membership of the union also included a sufficient number of nonmeat workers who had not been subjected to any of the occupational exposures of interest. These nonmeat workers worked outside the meat industry in canneries, soft drink manufacturing, and oyster shucking. Subjects who worked outside the meat industry but in occupations where they could have handled raw meat, such as cooks, were excluded from this group (two out of 30). Accordingly, in the results presented here, these nonmeat workers were used as the main exposure reference group in the calculation of odds ratios.
Statistical analyses were performed using the SAS program (24) . Univariate analyses were carried out for all tumors of the hemopoietic/lymphatic systems combined and separately for the three main histologic types, which were defined as follows : 1) McNemar's method was used to obtain matched estimates of the odds ratios. Results obtained with matched analysis were similar to those obtained ignoring matching. Likewise, results obtained using one control per case were consistent with those obtained using two controls. In addition, for variables with available data in union records, results obtained using data from union records were virtually identical to those obtained using interview data from next-ofkin. Because of the close agreement between these different analyses, we present here only the results from the analysis in which 1) matching was ignored, 2) data were based on next-of-kin interviews, 3) there were two controls per case, and 4) nonmeat workers were used as the exposure reference group (n = 159). Multivariate analyses were carried out to adjust for confounding factors individually, using conditional and unconditional logistic regression. Statistical significance was determined at the 95 percent confidence level.
Some nonoccupational and occupational exposures outside the meat industry were found to be significantly associated with cases: exposures to paint, pesticides, pig farming, and diagnostic X-rays; cigar smoking; and having heavy body hair. These variables were examined for potential confounding, one at a time, in limited stratified and multivariate analyses examining the relation between occupational risk factors within the meat industry and all tumors of the hemopoietic and lymphatic systems combined. This examination revealed that the observed odds ratios for occupational risk factors within the meat industry were not much affected after these limited adjustments for exposure to pesticides, pig farming, and X-rays were made; therefore, these factors were not considered further. Because of sparse data, it was not possible to simultaneously control for these factors or to carry out the examination by histologic type. Sparse data also did not permit examination of the roles of paint exposure, cigar smoking, and heavy body hair as possible confounders.
RESULTS
Attempts to validate the case diagnoses listed on the death certificates were made for the 50 deaths from these tumors which occurred within the state of Maryland. Of the 41 medical charts that were successfully retrieved, the diagnosis of tumor of the hemopoietic or lymphatic system recorded on the chart agreed with that on the death certificate for all but three cases (one myeloid metaplasia, one breast sarcoma, and one secondary polycythemia), which were thus excluded from the study. For 29 of the 38 confirmed cases (76 percent), histologic reports and diagnostic test results from radiographs or protein electrophoresis (for multiple myeloma) were available.
Of the 53 cases in the study, 36 patients (67.9 percent) were male and 17 (32.1 percent) were female; 39 (73.6 percent) were white. Age at the time of diagnosis ranged from 24 years to 83 years, with a mean of 54 years and a median of 50. Eighty-three percent of the study sample had worked in only one job category within the meat industry. The histologic types were distributed as follows: 15 cases of leukemia, including 10 of the myeloid/monocytic variety; 12 cases of multiple myeloma; nine cases of nonHodgkin's disease; eight cases of Hodgkin's disease; six cases of lymphosarcoma; and three cases of myelofibrosis. Table 1 gives the probability of exposure for each of the four potentially carcinogenic job categories in the industry. Exposure to oncogenic viruses was highest among workers in cattle/pig/sheep abattoirs and chicken-slaughtering plants. Exposure to nitrosamines from the curing of meat and exposure to polycyclic aromatic hydrocarbons during the smoking of meat were highest in pork-packing plants, while exposure to fumes during the wrapping of meat was highest among women working in supermarkets. Table 2 gives the odds ratios for the different job categories and for selected occupational risk factors within the meat industry with regard to all tumors of the hemopoietic and lymphatic systems combined. Elevated risks of these tumors combined were observed among workers in the meat industry in general and among workers in abattoirs, supermarkets, and chicken-slaughtering plants specifically, with odds ratios ranging two-to threefold above unity. These risks were associated with performing specific tasks within these departments, and they persisted in limited multivariate analyses after individual control for exposure to pesticides, diagnostic X-rays, and working/living on pig farms-i.e., factors that were also found to be risk factors for these tumors in this study. It was not possible to simultaneously control for all of these factors because of the small sample size. No excess risk was seen among workers in meatpacking plants.
The excess risks of these tumors seen throughout the meat industry, except in meatpacking plants, were mostly due to lymphomas and tumors of the myeloid stem cell. Table 3 gives the odds ratios for lymphomas and myeloid stem cell tumors separately.
The observed risks generally increased with the duration of employment in abattoirs and chickenslaughtering plants but not in grocery stores/supermarkets (table 4) . This pattern was also present when we investigated the risk for contact with raw meat within job categories.
There was no sex-related difference in the risk of developing these tumors in the meat industry generally or within each job category, except for supermarket workers. Here, while lymphomas and tumors of the myeloid stem cell predominated among females who were exclusively engaged in wrapping meat, multiple myeloma was overrepresented in men, who almost exclusively cut meat and only infrequently wrapped it (results not shown). Thus, for lymphomas, the odds ratios for women and men who wrapped meat in supermarkets were 5.0 (95 percent confidence interval (CI) 0.4-71.9) and 1.3 (95 percent CI 0.1-12.2), respectively. For tumors of the myeloid stem cell, the odds ratio for women was 4.7 (95 percent CI 0.3-73.4), and no case was recorded in men. Conversely, for myeloma, the odds ratio for ever having been a meatcutter in supermarkets was 18.0 (95 percent CI 1.6-207.5) for men, while no case of myeloma was recorded in women.
As was noted above, limited examination of the roles of exposure to pesticides, pig farms, and diagnostic X-rays as potential confounders of the associations observed between occupational exposures and these tumors did not identify these factors as important confounders. For example, the crude odds ratio for working in the meat industry was 2.2 (95 percent CI 0.8-6.3) as compared with odds ratios of 1.4 (95 percent CI 0.4-4.9), 2.0 (95 percent CI 0.7-5.8), and 1.8 (95 percent CI 0.2-17.8) after adjustment for exposure to pesticides, X-rays, and pig farms, respectively; for working in abattoirs, the crude odds ratio was 2.8 (95 percent CI 0.8-9.5) as compared with 2.0 (95 percent CI 0.5-8.2) after adjustment for pesticide exposure, and it was 2.6 (95 percent CI 0.8-9.0) after adjustment for exposure to X-rays. Similarly, the crude odds ratio for having contact with raw meat in supermarkets was 3.2 (95 percent CI 1.0-9.8) as compared with 1.9 (95 percent CI 0.5-6.9) and 2.9 (95 percent CI 0.9-8.9) after adjustment for pesticides and X-rays, respectively. Likewise, the crude odds ratio for being a butcher was 5.3 (95 percent CI 1.0-27.0) as compared with odds ratios of 2.6 (95 percent CI 0.4-17.7) and 6.9 (95 percent CI 1.1-42.5) after adjustment for exposure to pesticides and X-rays, respectively.
DISCUSSION
In this nested case-control study, excess risks of tumors of the hemopoietic and lymphatic systems were observed throughout the meat industry, except in meatpacking plants, and were mostly due to lymphomas. Among supermarket workers, tumors of the myeloid stem cell and multiple myeloma also contributed to the excess risk. Our findings are strengthened by the fact that consistent results were obtained with 1) different statistical approaches (namely, unmatched analyses with one or two controls per case and matched analysis with one control per case) and 2) different sources of information, including data from the interviews with next-of-kin and data from union records. The percentage of agreement for different variables between these two sources varied between 87 percent and 96 percent, and kappa ranged from 0.67 to 0.80. In addition, the excess risks persisted even after limited control for exposures/risk factors outside of the meat industry that were found in this study to be significantly associated with tumors of the hemopoietic or lymphatic system.
No increased risk of any of these tumors was observed among workers in meatpacking plants, who were exclusively men in this case-control study. Although other reasons are plausible, at the moment the most likely explanation is the inadequate sample size of the study and the insufficient amount of time since first exposure for the tumors to develop in this group. For example, in the initial cohort study on which this nested case-control study was based, among workers in meatpacking plants, no death from these tumors was recorded in women (2) and no excess risk of these tumors was observed in men (1) . In the more recent, updated follow-up of this cohort, deaths from these causes have now been recorded in women, and excess deaths have been observed in both sexes combined (5) . Another possible cause is that only a very small proportion of workers in meatpacking plants may actually be exposed to potential carcinogens other than viruses, and the sample size of this study may have been too small to investigate these exposures adequately. For example, of all of the subjects who worked in meatpacking plants in this study, only one (a case) smoked meat, and only one (also a case) cured meat. In addition, there is evidence that the lack of an excess risk for these tumors as a group among these workers may be confined to myelomas only. As table 3 illustrates, rates of lymphoma and tumors of the myeloid stem cell were elevated somewhat in meatpacking plants, while the odds ratio for multiple myeloma (not shown) was 0.08 (95 percent CI 0.05-1.29).
Our results are consistent with the findings of the original cohort study (1) (2) (3) , in which increased risks of these tumors (mainly Hodgkin's and non-Hodgkin's lymphomas and myeloid leukemia) were reported among workers in abattoirs, supermarkets, and chickenslaughtering plants. Similar increased risks of lymphoma and leukemia have also since been recorded in other studies of the meat industry (6, 7, 25) . The very high risk of lymphoma observed among butchers who killed animals and among workers in slaughtering plants in general, and the lower risk observed among meatcutters who did not work in these areas, is suggestive of exposure to oncogenic viruses such as bovine leukemia virus and avian leukosis/sarcoma viruses during killing and dressing (i.e., activities with the highest exposure to these viruses). Killing and dressing are also the only activities carried out in slaughtering plants but not in meatpacking plants. This is consistent with the observation in the original cohort study that the excess of Hodgkin's disease seemed to be associated with killing (1) . Similarly, the excess of myeloid stem cell tumors observed in abattoirs but not in meatpacking plants is suggestive of exposure to oncogenic viruses such as bovine leukemia virus.
Findings from virologic studies support the etiologic role of these C-type retroviruses in the development of lymphomas and leukemias in humans. Bovine leukemia virus and reticuloendotheliosis virus can infect human cells in vitro (8, 26, 27) , and avian leukosis/ sarcoma viruses can infect and transform human cells in vitro (28) . Furthermore, we recently reported definite evidence of antibodies to avian leukosis/sarcoma viruses and reticuloendotheliosis viruses in the sera of poultry workers (12, 13) .
The fact that in the meat departments of supermarkets, lymphomas and tumors of the myeloid stem cell were predominant among women, who were almost exclusively engaged in meat-wrapping, while multiple myeloma was overrepresented in men, who were almost exclusively engaged in meatcutting, suggests different etiologies or mechanisms of tumor induction for these tumors among supermarket workers. The two groups work in the same room, and they differ only in terms of the specific tasks they carry out. These findings for female supermarket workers corroborate those obtained in the initial cohort study; multiple myeloma was not examined separately in the cohort study because it was grouped with other tumors (2). These results therefore suggest that exposures to fumes containing benzene, polycyclic aromatic hydrocarbons, and phthalates during meat-wrapping may be a cause of these tumors in women.
The observed risks generally exhibited a doseresponse relationship, except in supermarket workers, where the sex difference in tumor types may have been contributory. Animal studies have shown that the myelosuppressive effects of benzene can manifest as early as several weeks to several years after exposure (29) , while bovine leukemia virus-induced leukemias arise after a minimum of 3 years in cattle (30) . Benzene is well known to induce myeloid leukemia in humans (31, 32) . Animal laboratory studies show that prolonged exposure to low concentrations of benzene is highly myelotoxic (33) . Similarly, in humans, long term exposure to 1-5 parts per million (ppm) of benzene in ambient air has been shown to be associated with significant risk of myeloid leukemia and tumors of the hemopoietic and lymphatic systems (34, 35) . Benzene has also been suspected to induce nonHodgkin's lymphoma and myeloma among workers in benzene-related industries (34) (35) (36) . In studies with personal air monitoring for benzene carried out among women using wrapping machines in the meat industry, benzene levels of up to 0.2 ppm have been recorded (37) . We ourselves have recorded, in supermarket workers, urinary muconic acid (a metabolite of benzene) concentrations equivalent to exposure to more than 1 ppm of benzene in ambient air (unpublished manuscript). However, more evidence is needed to incriminate low dose benzene exposure in the etiology of cancer in humans. Other components of fumes such as plasticizers may also be incriminated, since increased risks of multiple myeloma have been reported in men employed in the plastic packaging industry who are exposed to phthalates (38) .
The positive associations seen here between job categories and specific occupational tasks and tumors of the hemopoietic and lymphatic systems persisted after data were individually controlled for exposure to pesticides, working on pig farms, and exposure to X-rays. This observation supports the hypothesis that viral or chemical exposures related to the meat industry may be independent predictors of these tumors. Our results are consistent with those of Franceschi et al. (39) , who reported that Hodgkin's disease remained positively associated with exposure to animals or meat after controlling for chemicals used in agriculture.
Our findings indicate that both zoonotic viruses and chemicals, especially benzene, are candidate exposures that should be investigated in greater detail as to their possible role in the development of tumors of the hemopoietic and lymphatic systems among workers in the meat industry. With regard to exposures not related to the meat industry which were found to be statistically significantly associated with these tumors, we note that we examined a large number of nonoccupational variables and considered lifetime history of all employment; in addition, the associations were based on very small numbers. The possibility therefore exists that some of these associations may have occurred by chance. Also, the association with exposure to X-rays could be related to diagnostic exposures incurred soon Am J Epidemiol Vol. 147, No. 8, 1998 after the onset of these tumors, rather than reflecting the cause. All the same, there is a large body of evidence in the literature supporting associations between tumors of the hemopoietic and lymphatic systems and exposures to farming, pesticides, tobacco smoking, and X-rays .
Although the findings of the present study provide some evidence that workers in the meat industry may be at elevated risk of these tumors, the small sample size precluded detailed investigation. For example, we were unable to investigate the roles of exposure to nitrosamines during the curing of meat and exposure to polycyclic aromatic hydrocarbons during the smoking of meat. The small study size means that the odds ratios are likely to be unstable, and they were essentially generated by a handful of cases in some instances; hence, some of the findings may be due to chance. Therefore, caution should be exercised in interpreting these findings. However, the findings corroborate those of the much larger cohort study, and as a preliminary investigation of exposure in greater detail, the study provides useful pointers to exposures that may be relevant in explaining the excess occurrence of these tumors in the meat industry, which has been well documented in other studies (6, 7) . Casecontrol studies with larger sample sizes that will permit not only adequate investigation of all candidate exposures but also full investigation of the risk associated with each of the different histologic types of tumors of the hemopoietic and lymphatic systems are needed. Besides epidemiologic investigations, virologic and immunologic studies are needed to detect or confirm the presence of infection with bovine leukemia virus, avian leukosis/sarcoma viruses, and reticuloendotheliosis viruses in humans. The role of viruses in the occurrence of cancer in pigs and sheep and its relevance to humans remains unknown and should also be investigated.
